Abstract growth conditions. Only under conditions leading to increased photorespiration, e.g. in low CO 2 or during A barley (Hordeum vulgare L.) mutant deficient in seridrought stress ( Wingler et al., 1999) does appreciable ne5glyoxylate aminotransferase (SGAT) was crossed control by GDC and glutamine synthetase become with wild-type plants to generate heterozygous mutapparent. ants. Plants of the F 2 generation with reduced SGAT Serine5glyoxylate aminotransferase is a peroxisomal activities (45-60% of wild-type activities) contained enzyme of the photorespiratory pathway. In addition to proportionally less SGAT protein. Reduced SGAT activthe physiologically irreversible transamination reaction of ities resulted in the accumulation of serine and, to serine and glyoxylate to hydroxypyruvate and glycine a smaller extent, of glycine, indicating that the flux (Nakamura and Tolbert, 1983), it catalyses asparagine : through the photorespiratory pathway was restricted.
Introduction

Materials and methods
In the photorespiratory pathway, approximately threePlant material and growth conditions quarters of the carbon of glycollate-2-phosphate formed A mutant of barley (Hordeum vulgare cv. Maris Mink) deficient in the oxygenase reaction of ribulose-1,5-bisphosphate in SGAT (LaPr 85/84; Murray et al., 1987) was crossed with carboxylase-oxygenase (Rubisco) are recycled while the wild-type plants. The F 2 progeny of two independent crosses remaining quarter is released as CO 2 (Leegood et al., (SG 15 and SG 19) were grown in a glasshouse as described by 1995). Work with homozygous mutants lacking photores- Häusler et al. (1994a) . During the summers of 1997 and 1998, piratory enzymes has shown that, despite the loss of CO 2 leaf material was frozen in the light in liquid nitrogen between 12.00 h and 13.00 h at photon flux densities (PFDs) of 1000-during photorespiration, recycling of carbon in the photo-
respiratory pathway is essential for photosynthetic function (Blackwell et al., 1988) . In heterozygous mutants
Determination of SGAT activity and SGAT protein with reduced activities of glycine decarboxylase (GDC;
SGAT activity was measured in desalted extracts as described Wingler et al., 1997) or chloroplastic glutamine synthetase
by Häusler et al. (1996) . SGAT protein was determined by (Häusler et al., 1994a, b) , the effect on CO 2 assimilation Western blotting and videoimaging ( Wingler et al., 1997) (Häusler et al., 1996) .
Heterozygous mutants with reduced SGAT activities contained, on average, 2.4-times more serine than wild-type Gas exchange measurements plants (Fig. 1A ). This accumulation of serine was accomRates of CO 2 assimilation were measured with an open infrared gas analyser (LCA-4; Analytical Development Company, panied by a small increase in glycine (Fig. 1B) and Hoddesdon, UK ) at a leaf temperature of 27±1°C and a glyoxylate ( Fig. 1D) , while the contents of glutamate relative air humidity of 50-60%.
( Fig. 1C ) and the other major amino acids (data not shown) did not change. These data suggest that the flux Determination of Rubisco activity, protein and chlorophyll through the photorespiratory pathway was impaired in Total Rubisco activity and Rubisco activation state were heterozygous SGAT mutants, leading not only to the measured according to Quick et al. (1991) . Protein in enzyme accumulation of serine, but also to increased contents of extracts was determined with the Bio-Rad protein assay according to Bradford (1976) . Chlorophyll was extracted in 80% acetone and quantified according to Lichtenthaler and Wellburn (1983) .
Results and discussion
From the F 2 progeny, seven heterozygous mutants with significantly reduced SGAT activities (between 45% and 60%) and six plants with activities similar to wild-type plants (between 82% and 102%) were selected for further experiments. Specific SGAT activities in the selected plants ( Table 1) were stable between June 1997 and April 1998. Plants with reduced SGAT activities also contained lower amounts of SGAT protein. There were no effects on chlorophyll and protein contents or Rubisco activity in plants with reduced SGAT activities ( Table 1) . Extractable activities or protein contents of other photorespiratory enzymes (glutamate5glyoxylate aminotransferase, hydroxypyruvate reductase, glycine decarboxylase, chloroplastic glutamine synthetase, 10-formyl tetrahydrofolate synthetase) were not affected (data not shown). to lower SGAT activities. Control of photosynthesis by serine5glyoxylate aminotransferase 721 (Oliver and Sarojini, 1987) . Glycine also rate of 10 mmol m−2 s−1). Accordingly, ribulose-1,5-bisphosphate contents were not affected in plants with accumulated in the homozygous SGAT mutant, while the contents of other amino acids declined (Murray et al., reduced SGAT activities (data not shown). Even if the export of serine out of the leaves of heterozygous SGAT 1987).
Rates of photosynthetic CO 2 fixation were not significmutants were increased and the accumulation of serine, consequently, underestimated, a depletion of Calvin cycle antly decreased in the heterozygous mutants ( Fig. 2) . In ambient CO 2 , plants with reduced SGAT activities showed intermediates and hence a decline in the rate of CO 2 fixation could have been prevented by a reduction in the same response to increasing PFDs as the wild-type ( Fig. 2A) . In high light, rates of CO 2 assimilation were sucrose or starch synthesis. Although SGAT and other photorespiratory enzymes not significantly lower than in the wild-type at different values of C i ( Fig. 2B ). There was no decline in CO 2 are in excess under ambient growth conditions, they may become limiting under stress conditions, e.g. during assimilation with decreasing SGAT activity under any of the conditions tested ( Fig. 2C ). Even in low CO 2 , which drought stress ( Wingler et al., 1999) . leads to enhanced photorespiration, reduced SGAT activity did not result in a reduction in the rate of that leads to measurable inhibition of Calvin cycle turnover. Accumulation of serine itself is unlikely to inhibit photosynthetic CO 2 assimilation. In myxotrophic cell
References cultures of a tobacco mutant lacking SGAT, an almost 9-fold increase in serine had no effect on photosynthesis SGAT mutants (Fig. 1D ), they were lower than contents
Control of photosynthesis in barley leaves with reduced that affect Rubisco activation (Häusler et al., 1996) . 
